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Current
knowledge on
global ice
cloud
properties
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Ice cloud asymmetry parameter:
Models: 0.6-0.95
In situ: ~0.75
Required accuracy: 0.01-0.04 (Vogelmann & Ackerman, 1995)
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lce crystal asymmetry parameter

® Ice crystal asymmetry parameter mainly depends on
Shape (or shape of components)

Distortion/ Microscopical Roughness/ impurity

® Asymmetry parameter of aggregates similar to components

Asymmetry parameter
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Information from
Polarization
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Retrieval procedure
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Simulated measurement ]
Snboggh small aggregates of plates -

Best fit hexagonal
AR=0.15, d="0.00
g=0.89

LUT of polarized reflectances for columns/plates
51 aspect ratios 0.02 — 50
15 roughness values ( 6 =0-0.7)
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Simulated data test

Simulated data:
Complex ice habits (Yang et al.)

3 roughness degrees
20 different size distributions

Retrieved asymmetry
parameter

*  Within 5% (0.04)

* Mean bias: 0.004

* Standard deviation: 0.02
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Application to
POLDER/PARASOL and MODIS/Aqua

The A-Train

CALIPSO CloudSat
P .
PARASOL _ TN




TWP-ICE campaign

ARM/NASA campaign in
early 2006

Sampling Asian monsoon

in Northern Australia

Here MODIS/POLDER
data collected for

extended period: 16
Jan.-20 Feb.
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POLDER retrieval statistics COT>b

TWP—ICE statistics

ONLY retrievals
for COT>5
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A more detailed look at statistics

2006/01/16 —2006/01/23 2006/01/25—2006/02/13 2006/02/14 —2006/02/20
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Vertical profiles
Median values and IQR

With increasing height

decreasing g

increasing aspect ratio

Cloud top pressure [hPa]

increasing distortion

Profiles depend on

atmospheric condition
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Vertical profiles g and R

With increasing height
decreasing g

decreasmg R ¢

Profiles depend on

atmospheric condition

C5 R ; biased by 1-5 micron

due to high g assumed!

Part of R profile could
explained by g profile
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MODIS C5 retrievals!
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TWP-ICE, TC4 & e

CRYSTAL-FACE

Deep convection (COT>5) s o s w0
g~0.75-0.79
Aspect ratios ~0.2-1.2
Distortion ~0.4-0.7

From 4 case studies using airborne RSP!

Van Diedenhoven et al. ACP, 2013
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Future work

POLDER retrievals for unsaturated polarized reflection
(COT<S5)

Proper surface

Rayleigh
Effective radius retrievals based on retrieved asymmetry
parameters
Speed up algorithm
Global MODIS/POLDER retrievals

Validation studies using new processing techniques for in situ

CPI images (Greg McFarquhar)




Caution! Thick cloud bias?
Previous global POLDER analysis

show narrow range of polarized

reflectance

assume saturation of polarized reflectance
But Rp only saturates at COT~5
Where are all the cloud COT<5 ??
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Backup slides




Flux (W/m?)

Shortwave flux = =

200 (b)

150

Roughness

* Cloud optical thickness =4
® Cloud between 10-11 km
o SZA=60 degrees

Roughness
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Cloud absorption (W/m?)

93 110 127

Roughness

From “An accurate and flexible parameterization for shortwave
optical properties of ice crystals”, van Diedenhoven et al., in

reparation
Prep 0.1 1.0 10.0 0.1 1.0 10.0
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POLDER vs MODIS C5 optical thickness

MODIS C5 biased

high by ~0.83
Makes sense:
(1-0.77)/
(1-0.82)=0.78

Thick clouds have

-— COT MODIS x 0.8303

>OT POLDER

stronger bias!

Similar to results of

Zhang et al. 2009




POLDER vs MODIS optical thickness

Zhang et al.

2009 compares
POLDER
level-2 product
to MODIS C5

Level-2 uses

g=0.74
(1-0.74)/
(1-0.82)=
0.69




Active monsoon
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Retrievals standard deviation
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POLDER Liquid index

Liquid—topped cloud
LI=2.205

Fit straight line through

120°-160° measurements

Polarized Reflectance

Ice index =

Mean( | fit-measurement | )

lce—topped cloud
LI=0.003

Straight—forward to

simulate from model

Polarized Reflectance

120 140 160
Scattering angle [°]




Physical interpretation of liquid index

Liquid index

Indicates to what
degree liquid is obscured

by ice above

~2-3 for pure water

clouds

~0 for pure ice clouds

&«— More ice

or ice topped clouds

Simulated liquid index

Based on CRM simulations

Liquid layer
optical depth
threshold is 0.1

0.01 0.10 1.00 10.00 100.00
Ice optical depth above liquid




Determining Aspect Ratios from CPI
(McFarquhar et al.)

File Edit Tools Units View Help
W HNTE G| E
Line
X1:[213000 = Y1:[3.55000 = cm
X2:[18.0000 = Y2:[17.3000 = cm
T
W: m H: m cm
D:[773280 cm A:[ 1074 deg
Ar: [W sq.cm
Screen 1 (primary)
W: m H: m cm
Rx: [40.0000 Ry: [40.0000 px /cm

RGB: |000 039 162 o
Zoom: ~—— }— 2X

SHIFT locks to H or V, CTRL moves line




Determining Aspect Ratios from CPI
(McFarquhar et al.)

t
File Edit Tools Units View Help
W+ E @G mE
Line
X1:[212000 = Y1:[13.4000 = cm
X2:[19.3250 = Y2:[127000 = cm
= =
W: |1.90000 H: 0.72500 cm
D:]2.03362 cm A:| -159.5 deg
Ar: 1.377500 sq.cm
Screen 1 (primary)
W:|34.1500 H:|19.2000 cm
Rx: |40.0000 Ry: |40.0000 px / cm

RGB: |000 057 177 0
Zoom: — f—o—— 2X

SHIFT locks to H or V, CTRL moves line




